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Saegertown, Pennsylvania 16433 Certified Professional Geologist
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April &5, 1988

Mr. Jack Krajewshi

New York State DEC

G000 Delaware Averue
Buffalo, NY 14208-1073

Dear Mr. Krajgjewski:

Enclosed is the completed report on the Hydrogeolagy and
Grourndwater Guality at Bailey Marnufacturing in Forestville, NY.
Thank vyou for your commments on the earlier draft. I have

incorporated the suggested modifications ard additicons,

Microbac lLabs discovered an error in the calculations used bt
determine the concentrations of antimany, lead, and thallium in
the final round of samples (12/22/87). This carvection resulted
inm & reduction in the previcusly reported values by & factor of
G. 25, The corrected values have been incorporated into  the
report.

If  you have any questions regarding the report, please contact
me. Otherwise, I ilock forward tao receiving the writiten commernts

and assessmernts from you and  your caolleagues regarding the
groundwater in the vicinity of Bailey Manufacturing.

Sincerely,

Samuel §. Harrisan

enclasure: g-page letter from Micorobac Labs

Sediment Analysis Groundwater Exploration
Soil Evaluation For Septic Systems
Hydrogeologic Study Of Contaminated Groundwater



Microbac Laboratories, Inc.
Erie Testing Laboratory Division 2411 West 26th Street, Eric, Pennsylvania 16506 814/833-4790

Mictobac

April 14, 1948

Mr. Sam Harrison, Ph.D.
R.D. #1

Maple Lane Acres
Saegertown, PA 16433

Dear Sam:

An errovr in calculation was discovered as a result of
your April 8, 1988 inquiry pertaining to Bailey Mamuf., N.Y.
I apologize for this error and ihe inconvenience the elevated
results might have caused.

The lead thallium, and antimony results for the monitoring
wells collected and submitted to Microbac-Erie on 12/22/87 were
all elevated by a factor of 6.25. T had mistakenly multiplied
the reported instrumental response by a factor of 2.5 rather than
divide : the samples were concentrated by this factor for
analysis, not diluled.

The corrected results are as follows:

Work Order  Pb T1 Sb

#8255 0.0208 0.005% <0.0h
#8257 0.0084 0.0056 <0.04
#8269 0.066 0.0076 <0.04
#8270 0.0224 0.0016 <0.04
#8271 0.036 0.0004 <0.04
#8272 0.0028 0.0028 <0.04
#8273-3 0.0056 0.0024 <0.04
82734 0.0156 <0.0004 <n. 04
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Microbac Laboratories, Inc. ® Erie Testing Laboratory Division

(duplicates, spikes,

#8255 #8255-Dup.
Lead 0.0224 0.0192
Thallium 0.0068 0.0040
Antimony <0.0%4 <0.04

Please contact me if you have

PT/jk

reference stds.):

#8255=-Spike  Reference
0.40, 96%rec. 1.0, 110%
2.0, 107% rec

4.0, 123% rec 1.0, 150%

any further questions.

Sincerely,
J

(s

Paula Trapp
Q.A. Manager

page 2 of 2



EXECUTIVE SUMMARY

Railey Marmfacturing is located in Chautaugua Cranty,
approximately 0.9 miles northeast of the center of Forestville,
NY (see Figure 1, poertion of Feorestville QGuadrangle). The
coordinates of the site are 43o 287 42" N and 792 107 15" W, The
marmfacturing plant is located on the eastern end of the 4.6-acre
site on an upland plain at “862? elevation. Water from a private
well on the property is used to wash metal parts (product ion
water) and in the parts-plating process. After use, this water is
discharged via two shallow seepage lines into the ground west of
the plant, which is a terrace with a ground elevaticon of ™~8467
(Fipure Z). The guality of the groundwater downgradient of these
seepage beds was the facus of this study.

Tern shallow water—-table—-indicator wells were installed on  the
site at depths up tao “Y207, Ar earth resistivity survey was
conducted irn the area of the plant seepage beds. Four  grournd-—
water monitoring wells were installed, one upgradient and three
dowrnmradient of the seepapge beds. All wells were momitored Hto

determine the hydraulic gradient and conductivity of the
urcoundwater., Samples from the four ground-water momitoring wells
werea analyred for valatile orpanics, ER Toxicity Metals, andi
Cyanide.

The entire site is underlain by gravel and sand presumabhly of
glacial origin. Hydraulic canducivity of these sedimente is on
the order of 10-2 to 10-3 cm/sec. The hydraulic pradient is

approximately 0.01325 in a northeasterly direction, parallel to
Walrnut Creek which is the western boundary of the properby.
Estimates of seepage velocity beneath the seepage beds rarnge from
0.5 to 10.8 ft/day.

Conductivity of the proundwater is greater rear the seepange beds
and  decreases downgradient. Conversely, earth resistivity is
somewhat lower thar background beneath the seepage beds.

Aralyses of oroundwater sampnles durivg low— and high-water table
conditions show that rone of the metals tested exceeded the NY
State Maximum Contaminant Levels in any of the monitoring wells
except two lead values and orne sample each for  chromium and
cadmium. Ore hipgh cadmium value from the upgradient well appears
to be attributable to contamimation during sample filtration.
Same of the chromiuwn in the one downgradient sample that exceeded
the MCL appears to have been leached from sediment in the turbid,
wunfiltered sample. Lead values from the first of three rounds of
sampling were belaw the MCL, as were lead values from the second
round except for one unfiltered downgradient sample. Hiwever,
the duplicate of this sample was considerably below the MCL  fFor
lead. One downgradient lead wvalue fraom the third round of
sampling exceeded the MCL. The fact that the lead conmcentration
from this sample was more tham 6 times the value of either aof the
previaous lead aralyses from this same well makes it unclear



whether this lead value accurately represents the lead content of
the groundwater at this site at the time of sampling.

No  valatile organic compounds were found  above the detection

limits except Trichlorocethyere (TCEY. It was present v one
dowrgradient well at concentrations ranging from €0 to 75
micrograms/liter and was detected at ove adjacent downpgradient
well (11 micraograms/liter) crr ane aoccasion. Biven the laow

concentration of TCE it appears highly unlikely that a poacl of TCE
is present on the site upgradient from the well in which it was
detected. Its presence is much more likely due to (a) a small
amaunt of TCE in a residual form an the site or upgradient of the
site ar (h) TCE intraduced into the groundwater at a low

concentration in a dissolved state. Records provided by Railey
Marmufacturing provide rno indication of TCE having been used at
the site during its present ownership (since 13979). TCE is a
commonly used salvent, degreaser, and septic system corndibtioner,
however, arnd thus may have beern introcduced into the groundwater
via the househaold septic systems located upgradient of the study
site. Calculations indicate that if a small amount of TLCE were

present in  a residual form in the aguifer at the site it might
require a few hurndred to a few thouwsand years for it to be removed
by the flow of proundwater thraouph the contaminated portion of the
agui fer. Thus, if TCE had beew introduced inta the groundwater at
the site a few decades ago it is likely that low corncentrations of
the contaminant would still be detectable in the groundwater
today and for some time in the futuwre.



PURPOSE

This assessment of the hydrogeclopgy and proundwater guality  at
the Bailey Mamufacturing property in Forestville, NY was preopared
in response to a Consent Order issued to Bailey Manufacturing by
the New York Department of Envirvormental Conservatiorn. The basis
far  the concern about the guality of gproundwater at the site was
that wash water and process water from the manufacturing facility
is discharged to the groundwater via two shallow seepane  beds.
No studies. of the groundwater at or adjacent to the site had been
conducted prior to this study.

SCOPE OF WORK

The scope of this investigation was persoribed by Ml Jack
Mrajewski in an attachment to a letter dated RAupgust 7, 19286, frram
Jeffrey Lacey, Assistant Council foyr DEC, Divisian of
Envirornmental Enforcement. According to M, Krajewski’s letter

the study should include the following: literature review, site

wal kover, geophysical BSUINVEY, e upgradient and thres
downgradient monitoring wells, determination of the hydraulic
oradient, geolony of the site, sampling and arnalysis of

groundwater samples from the site durivg high and low water table
conditians, analyzing for metals, pH, conductivity, and cyanide.
It was later stipulated that amalyses would alsa  be done  for
vaalatile orpanics. If soils or wastes were discovered in  the
walkover that appeared suspicicous, samples of these would also be
analyzed. The details of the proposed study, approved by  DEC,
were spelled out in a proposal prepared by me (5. S Havrrisaorn)
arnd dated June 17, 1287. During the conduct of the field work
some modifications of the prooosal were made in consultatiorn with
My~ Krajewski and with his approval. A copy of the marked-up,
madified propasal is included ivn Appendix Iv.

ORGANIZATION OF THIS REPORT

The report i1s orpanized as follows. First, the envirommental
setting will be described, including local land use, history of
marmfactuwring activities at the site, ard present marnufacturing
processes and discharges. This will be followed by the
hydropealogy of the site. This is a major portion of the report
ard  will include a deseripticon of  all monitoring wells and
test pits at the site, the geolongy of the site, development of
the monitoring wells, hydrogeclogy of the site (including flow
direction and estimated flow velocity), arnd the relaticonship of
groundwater at the site to Walrnut Creek.

Next the pecphysical survey will he described and discussed,
fallowed by a description of the groundwater gquality berneath the
site. The main body of the report will conclude with a  summary
of  the groundwater quality at the site. Appraopriate appendices
follow.



ENVIRONMENTAL SETTING
Location

Bailey Marmufacturing is located im Chautaugua County,
approximately 0.9 mile rnortheast of the center of Forestville,
NY arn the northwest side of state route 428 (see Figure 1).

Climate, Geclogy, Topography, and Surface Water

Climate irn the Forestville area is of the bumid-continental type,
with lonag, cold winters and short, warm sunmers. The ™43 iviches
of armual precipitation is distributed fairly evenly throughout
the year except for slightly lower amounts in August and

February. Roughly 100 dirnches of snowfall comprises a larpe
percentage of the armual precipitation. Average temperature is
approximately H0  degrees F. Average winter temperature is

in the upper 20's and average summer temperature is in the low
70" s,

The 4.6-acre site is located approximately six miles south of

ake Erie. The town of Forestville lies at the foot of a
maoderately slopivg escarpment which trends in a rnortheast-
sonthwest direction  through Chautaugua County. Thisg topographic

rise separates the strip of lowlands (the Erie lake plain)
paralleling the south shore of Lake Erie (approximately 2Z-6 miles
wide) from the higher—-elevaticn Allegherny Plateau repgion ko the
south and east (Figure 1). The lawlands were formed on the lake
bed ard shoreline of a higber stage of ancestral Lake Erie,

Walrnut Creek, which flaws thraoaugh Forestville, forms the
rorthwestern bourndary of the Bailey Maruafacturing property. The
creek originates orn the northern edge of the upland plateaun
cuts through the escaropment, and flows directly rorth into Lake
Erie. Forestville is lacated at the point where the valley cut
by Walrut Creek first widens cut as it enters the lake plain.

The Forestville area is underlain by a several-hundred-—-foot-thick
sequence of Upper Devonian strata which are predomimantly marine
siltstones and shales. According to the pgeologic columnm of
Chautaugua Cournty (Tesmer, 1963) , the uppermost bedrock berneath
the Railey Manufacturing site is the Gowanda Shale Member of  the
Canadaway Group. This bedrock is exposed alanng the banks and bed
of  Walnut  Creelk. The average regionmal dip of these strata is
less tharn three degrees to the scuth (Muller, 13963). There are
ri krnown major structural features in the vicinity of the site.

The Upper Devonian bedrock is averlain by Pleistocene glacial



cdepasits left by ice sheets that advarnced southward from the lLake
Erie basin. The escarpmenmt or topographic rise along  which
Ferestville is  located is the site of & terminal moraine
appropriately named the lLake Escarpment Moraine (Muller, 1963) .
This moraine serves as a divide between draivage to the south
into the Allegheny-0hio system and draivnage to the north (such as
Walrnut Creel) intao the 5%. Lawrence systenm. The end moraine
comsists  primarily of silt- and clay-rich tills on which wilty
clay lcocam soils have developed (Feuer, R., et al., 1955).

The ERailey Marnufacturing plant is located on the edpge of a sand
and gravel plainm which was prabably deposited by ancestral Walwnut
Creek as it emerged from its cut though the escarpment and flowed
cut onto the lake plain. The eastern portiorn of the Bailey site,
o1 which the actual plant is located, appears to represent  the
upper  surface of this plain at an elevation of about B&Z ft.
Directly bhehind the plant (tao the rnorthwest) the ground swface
drops off some 16 ft to a series of successively lower  terraces
dawn to the present level of Walrut Creek which is about 818 ft
(Figure 2. These terraces appear to be erasional, having been
formed by the downcutting of Walrut Creek into the sand and
oravel it had previcusly deposited. The downecutting may have
been caused by the pgradual lowering of Lake Erie over the past
several thousand years.

Sails developed on the gravelly outwash deposits of this sand and
gravel plain are Chananpeo gravelly loams, silt loawms, and fine
sandy loams, These soils are well drained and the parent
material is often mined for gravel (Feuer, R., et al.., 19255).

Surface drainage at the site consists solely of  Walrut  Cresk.
Because of the high hydraulic conductivity of the sand and gravel
deposits on  which the plant is located, there is insufficient
swrface runaff to form tributaries to Walrnut  Creek o this
praperty.

Walrut Creek is perermial, and thus must be receiving proundwater
upstream from the study site. In peoclaogic settings such as this,
where streams flow from upland areas covered by glacial till with
a relatively low hydraunlic conductivity onto sand and gravel with
a relatively high hydraulic conductivity, it is vt uncommorn For
the stream to be paining (i.e. receiving groundwater) in its
upper reaches armd losing (contributing  recharge to the
groundwater) in its lower reaches during much of the vear.
Because the setting of this particular site makes this a
pessibility, particular attention was paid to the relationship of
the stream to the groundwater at the site.

Land Use irn the Vicinity of the Site

Irnformation on land use, hased orn information provided by  Mr,
Donald Caook, is showrn i Figure 3 and Table 1.

Homes adjacent to the plant are served by Forestville municipal



water. There is a private water well at the Railey Manufacturinng
plart. Drilled inm 1986 to a depth of 55 ft, it is used tuo
pravide production  water for plant aoperations.

The terraces behind the actual planmt (to the norbthwest of  the
plant), where the effluent from the plant is  discharged, were
covered by a virneyard at the time this study was hegun. The
virmeyard aperation had been abandorned for several years, however,
arnd thus  there bave mot beer any applicaticns of pesticides or
fertilizers directly on this property in  recent vears. The
vireyard was cleared from the site just priocr to dinitiation of
the field work phase of this study in order to facilitate access
to the site.

As indicated in Table 1, two active vireyards bovder the site on
the rnorth and east. Eecause the area is rnot served by muricipal
sewer  lines, all wastes from adjacent homes is discharged into
the ground via seepape beds, several of which are located
upgradient of the Bailey Mfg. seepage beds. A plating shop was
fFormerly (prior ta 19739) lacated approximately 100 ft upgradient
of the study site seepane beds.

Farmer and Presernt Operations at BRailey Manufacturing

The follawing information descoribing the operaticon of  Bailey
Marmfacturing, chemicals used on site, waste disposal, ete., was
supplied by Mr. Donald Cook of EBailey Manufacturing.

Mepatech Corporation was  incorporated w1979, The rew
corporation  accepted the contract for the puwochase of the
physical assets and trade name of a thirty five year old metal
marnufacturing company doing business as "Bailey Manufacturing
Company” from "E. L. Railey Inc.'". The facility puwrchased was
lacated at the currernt 4.57 acre site on Bervett State Road,
rnear Forestville, New Yark. "E. . Railey Inc." was cowned by
the estate of the founder of the business, My Edwin Eailey.
The assets of the comparny were sold to Megatech Corporation and
the corporation dissolved following Mo Bailey’s death. My
EBailey started the company in his parage and operated the
business from several locations in the Forestville area orior
to canstructing & plant at the present site.

The ocompany’s primary products (cuvrrently the only products)
are metal stampings and fabricatiorns for the auto industry.
Steel wire bundles and strip coil stock are received in
truckload lotsy cout and stamped into partsy; and fabricated by
welding o riveting into  parts for use by Gemeral Motors
Corpovation in heater and air conmditiorner assemblies. Soame of
the fabricated parts receive a rust preventative cocating (i.e.
zince plating or zine phosphate coating) prior to shipment. The
zime  plating operations  in use at the time the company was
purchased by Megatech Corporation in 1973 used a "Baker Bros.
Automatic Plativg BHSystem” with an MYalkaline rnon-cyarnide
process”. This system is still in use on & two shift



aperation.

The current manufacturing facility consists of approximately
20, 000 sguare feet of manufacturing and storage space  with  a
full time staff of about 85 employees (I of the 85 employees
staff the finishing operatiocns). The mlant, the village af
Farestville, and the swrounding areas are serviced by a
municipal water system ocperated by the Village of Forestville.
The water comes from wells, Springs, and oregks approximately
10 miles upstream of the plant site. There is rno municipal
sewer system, so drain fields are used throughout the area for
disposal of ligquid wastes.

Bailey Manufacturirg Comparny has discharged overflow rinse
waters for the plating system and from a parts cleaning area to
a drain field at the 4.97 acre plant site. It was believed
that metals drapgout in the rinse waters, based aon a composite
24 hour discharnpe, did rnot exceed set limits. There is anly
one Flaoor drain in the plant. It is im the truck bay used for
unloadinn steel. AR mivmimum amourt of srnaw, ice, water etc.
from  trucks wunloadivg would go down the drain into the same
drain field as the parts cleaning area. A1l floovs in  the
plant are concrete. iy leaks, spills, o other discharges of
olils, cutting  fluids, machine lubricants etcec. would  be
contained, abhsorhed and shipped off-site for dispasal,
following accepted procedures.

The manufacturing process and cycle is as follows:

1. Sterel stock (wire and flat coil) is received by truck
and stored until used in the steel storage area. The steel, as
received, has a light oil protective coating to prevent rusting
prior to use.

e Stamping presses are used to cut and form  the steel
stock into parts for fabrication.

e Pricr to welding, the stampinngs must be debuwrred (a
tumbling process  with abrasive media) arnd clearned (il
removed) . Stampings are cleaned using alkalivne clearers (see

M.8.D.5., Appendix I1I).

4. Prior tao cutting, steel wire stock is dipped in a
closed tanmk containming minerals spiritsg (ref. M.5.D.65.) to
ramave the protective light oil coating. Megatech Corporation

contracted with Safety HKleen Corporation in early 1980 to
supply mirneral spirits for this purpose and to collect spent
mineral spirits for reprocessing off-site. No materials from
this operatiorn have been disposed of on-site.

5. Stampirngs and cut wire are welded together to faorm
completed parts using projection welding.

6. Some of the stampings and welded parts are finished on-
site (zinc plating or zine phosphate coativg), others are



shipped off-site to be painted.
7. Scme of the parts are combined to form assemblies.

8. ~11 parts are packed in cardboard cartorns  on pallets
and loaded in trailers awaiting shipment to customers.

Water supplied by the municipal system has been used in the
past for both pracessing and sanitary requirements at  the

current Bailey site. The approximate reauirement For R11
systems is 7,000 gal./day. The municipal system has
experierced supply shortages during dry Seasons, however. I

order to maintaiv operations, Bailey is currently using water
fraom a well, located at the plarnt site, for processing Cricn
sanitary). Wateyr fram this well tested to contain lower levels
of  most of the priority metals than the water supplied by the
municipal system.

There are rno underground storage tanks at the plant site.
Gascline for vehicles is stored above pround in & 300 pal. skid
mounted tank, located on a paved surface. Barrels containing
absorbed oils etc. are stored irside the plant pricoee to
shipment for off-site dispasal.

The plan for a waste treatment arnd monitoring system to
collect the discharges from all processing areas for discharpe
te a single drain field at the plant site has been submitted to
"DEC" feor approval. Processing waste water is currently being
discharged to two adjacent drain fields at the plant site.
Solids from the "wash area" are collected via a weired settling
basin pricr to discharge to the distribution field. Pricr  to
periodic dumps for cleawing or servicing, tariks  from  the
plating system are PH adjusted, drapping metals,with sludge
being cantained far aff-site disposal. Historically,
discharges fram plating rinse overflows have beewn approximately
4, 000 gal. /day arnd overflows from the cleaning/deburring
aoperation apoproximately &, 000 pal. /day. Water for coanling air
compressors goes  thrua heat excharngers prior to going to the
plating department for the processing rinses. Cooling water
for the projgection welders is self contained and reused.

The records of Megatech Corporation contain all  purchases

of chemicals and the processes that have beern used. Material
Safety Data Sheets for processing materials that could become
part of waste discharpge are included in Appendix III. Since
the founder (and owner of the previcous corporation) died a year
before Megatech Corporation purchased the assets of the
COMPAaNny, all information orn operations pricr to 1979 were
abtained from other tharn management sources or records. It is

nated on the accomparnying land use map (Figure 3) af  the
Forestvillie area some of the cuwrrent and past activities that
may have contributed to the currernt status of the ground water
guality. The area shawn is the Walrnut Creek Basin including
the village of Forestville. All wastes from domestic systems,
farms, village and area busirnesses in the valley would be



discharged via drainage fields. Historically, ails, farms
chemicals, o obher liguid wastes would have beer disnosed of

o the ground o to domestic type drainage fields. Based on
conversations with village officials and long time area
residents, waste manapement practices at Bailey were not unigue
considering time and area. In many cases similar oils  and

chemical wastes have beern and/or are being used and discharped.
Village officials also indicate that to the best of their
knowledne, all area residents have in the past and are
currently using water from the municipal water system and that
Bailey is the only erntity in the area using pgrouand water from
private wells. *¥% (This concludes the information on plant
cperations provided by Dovald E. Cook) #*

Discharges To The Groundwater From Present Plant Operations

The laogations of the plating and parts clearning (production)

operations  are shown  in Figuwre . As indicated above, the
aporaoximate discharpe to the plating seepage bed is 4000 gpd.
The discharge to the production seepage bed is ™~ 2000 gpd.

Composite samples collected omce each month between 7/87 and 1/88
had the following conductivity values:

Plating Discharge Rarnpe = 1263 to 7200, Average = V2750
Production Discharge Range = 714 tao 2410, Average = “1350
HYDROGECLOGY

Water Table Indicator Wells

Purpose: The first phase of the field investigation involved the
installation of 10 water table indicator wells (WTI wells). The
purpase of these was primarily to provide a means of monitoring
the elevation of the water table (annd thus determining the
hydraulic gradient) priocr tao the final selection of locations for
the three down—-gradient groundwater monitoring wells. T
addition, these wells praovided valuable information about  the
conductivity of the pgroundwater and the rnature of the sediments
beneath the site.

Installation Proceduwre: WII wells were installed by digging a
pit with & backhoe. The depth of the pits was limited by either
the maximum depth the hoe could dig (about 20 ft) or by collapse
of the non—-cohesive sand and gravel once the water table had been
penetrated. As the pit was beirnmg dug the sediments exposed and
excavated were examined and described and samples were collected.
Upornt completion of the excavatiorn a 4-inch diameter pve pipe
fitted with a slotted bottom cap was set imto the hole Slats
hatd been cut in the bottom several feet of the pipe with a hand
saw in order to allow movement of groundwater into and out of the
standpipe. Lengths of pipe were fastered topgetber with sheet
metal seorews rather thanm with solvent cement so as to avoid the



pessibility of intreducing organic salvents into the groundwater.
Sediment which had beew removed from the hole was  backfilled
arcund the pipe arnd a locking can was instal led.

After the tops of each of the WTI wells had been surveysd, the

elevation of the water table in each well was monitored to
within .01 ft using an electronic probe. A pve bailer was used
to obtain a sample of water from the well in order to measure
temperature and conductivity. Water from the WTI wells was mot

purged pricr to measuring the conductivity.

During the excavation of the pits, care was takern to  loaok for
any discolored soil or a film on or discoloration of groundwater
entering the pit. Nothing was noted that indicated apparent
contamination of the sediment or proundwater. No urnusual  ocdors
were rnoticed.

Logs of the sediment encourntered in each of the WTI pits  are
shown in Appendix 1. The loccation of the WTI wells is  shown
oy Figuese 2. A summary of the sediments pernetrated and other
well-completion details is praovided in Table &.

Siltstome and shale bedrock was encountered at a depnth of 5.5 ft
at WTI well 10, near Walnut Creek. At WTI wells 1 and =, also
located within approximately 100 ft of Walrut Creek, a hard pray
clay containing shale fra@ments was encountered at a depth of

about o ft. At the remaining sever WTT wells sites, excavations
as deep as "“Z0.5 ft pernetrated only gravel and samd oubtwash
deposits. The water table was reached in all the WTI wells

except #7, which is located at a higher elevation than the rest.

The elevation of the water table as determined from the WTI wells
indicated immediately that growrdwater from the area of the
Bailey Marmfacturing seepage beds was not  flowinmg directly

toward Walrut Oreel. Instead, it was flowing roughly
parallel to the stream in a northeasterly direction (see data
foyr 7/829/87 ivn Table 3). This was also comfirmed by comductivity

readings from the wells. The bighest conductivity (presumably
related to the plant seepape beds) was found in WTI well 6,
located wrorth of the seepage bheds. Before this data had been

callected it had beern assumed that the flow of groundwater  from
bereath the seepage beds would be toward the coreek (i.e., toe the
riovrthwest toward WTI 8). The information obtairned from the WTI
wells was the basis for chanmging the locatiors of the downstream
momitoring wells so that  they wonld  intercept the flow of
groundwater from berneath the plant seepayge beds.

Groundwater Monitoring Wells

Monitering Well 1: Momitoring Well 1 (MW 1) is laocated in front
of  the manufacturing plant rnear the southeastern corrner of  the
property (Figure #). Because this was the highest elevation of
the property it was assumed that this would be an upgradient
location. There was also a concern that the upgradient well



shonld  not be too claose to the existing production well (see
Figuwre &) because of the pogssibililty that drawdaown  fyram  that
well might affect static readirvrgs in MW 1.

The well was drilled with a cable tool rig. All dowrnhole tools
ovn the riog were steam cleared before beginning drilling of  this
well and each subseqguernt well. Raecause of the known presence of

baulders in the samd and gravel berneath the site and in order to
facilitate pullback of the well casing in order to expose  the
well screen during installaticn of the monitoring string, the
well was double cased. Ay B8-irnch diameter steel casing was
installed to a depth of 41 ft. A &6—inch diameter steel casinng
was  then set inside this larger casing and drilling contirnued to
the total depth.

The first attempt to drill this well had to be abandoned wher a
boulder was encountered which bent the casing. The ripg was moved

about & ft and a rew haole was successfully completed.

Duwring drilling of the portion of the well above the water

table, water had to added to the well. Forestville muricipal
water, available at the plant, was used for this purpose. The
conductivity of the Forestville water was only about 320
micromhos/com, which was significantly less than any of the

proundwater  encountered (minimum about 550), thus it would  be
easy to distinpuish betweernn Forestville municipal water and
groundwater at the site during subsequent develaopment the wells.

Durimng drilling, samples were collected from the bailer as drill
cuttirngs were removed from the hale at about 2-Fft  intervals.
Bailer samples were examined and at charnpges of lithology samples
were collected. A comventional dart bailer was used for remaving

cuttings abave the water table. Relow the water table, if there
was a sufficient flow of groundwater into the bottom of  the
casing, a suctiorn bailer was used. The advarntane of a suction

bailer is that it provides a sample which has not been pulverized
by the drill bit and worked up intc & muddy suspension (i.e., it
provides a sample ofFf the bottom of the hole which is  less
disturbed and can be more accurately described).

Coring was also conducted at MW 1 at approximately 5-ft intervals
using a split spoorn sampler. In an effocrt to avoid introducing
unwanted organics into the drill hole, the jJoirts on  the oore
string were lubricated with PAM obtairned from a local groacery

instead of with normal lubricating oils,. Because of the
predominance of pgravel in the material being cored, driving the
cores was difficult. The results of the coring are shaowrn in

Table 4 and are incorporated into the log for MW 1. Note that
because the hammer used to drive the cores was being operated
from a cable line on the rig, the drop was not a freefall, thus
cantion must be used in interpretinmg the vnwumber of blows for
penetration of the core barrel.

The log for MW 1 is shown in Figure 4. Neote that the lithology
was quite consistent fyrom the surface to a depth of 61 ft,



ranging from gravel with a sandy-loam matrix to a gravelly loam.,
Fryom 61 ft to the total depth of 62.8 ft the sediment hecame
clayey with shale fragpments. A sample collected by suction
hbailer at 6&6%.8 ft was comprised mostly of shale fragments,
sugpesting that bedrock was rnot far below the bottom of the hole.

After the well was advarnced to its total depth, drill cuttivgs
were removed from inside the &—-inch casing in  preparation for

insgtalling the moniitoring string. The monitoring string
consisted of 15 ft of 2—inch diameter pve soreen with L O020-inch
slots fitted with a bottom cap. The riser was solid schedule 40
pve. A1l gjoints were flat—-threaded arnd flush. No  solvent
cements were used. Two palyethylerne centralizers were installed
corn the well screen. The entire monitoring string was steam

cleared at the site prior to assembly and subseguently handled
with disposable vinyl gloves.

After the monitoring string was set in the hole, clearn qguarts
sand was poured down the armmulus between the E-~inch monitoring
string and the &—irnch casing. The level of the sand iv the hole
was monmitored with a weiphted tape. As the installation of the
sard pack progressed, the 6-irnch casing was pulled back up the
hole in &~ to 4-ft increments until the screen and sandpack  had

heen exposed. The sarndpack was extended to 30 ft (below graund)
and a 1-ft pentonite seal was installed at that depth (see
Figure 5). The rest of the ammulus was filled with sand, a
second bentonite seal installed rear the top of the casing, a

cement seal installed arcund the Z—-inech monitoving string, and a
locking cap  installed on the &6—inch casing. The arnulus betweew
the 6&-inch and the 8-—inch casing was filled with coarse filter
sand and sealed rear the top with a bentomite seal and cement as
shown  in Figure S. A collar of concrete was installed to A
depth of ~2 ft arcund the outside of the B " casing.

Monitoring Well 2: The location of the MW & was chosen onn the
basis of the preliminary informaticon obtained fraom the WTI wells.
The hipghest conductivity readivngs from the WTI wells was obtained
from WTI &, sugnesting that water from the plant seepnage beds,
which was bhigher in conductivity tharm background, was flowirng
rortheasterly from  the seepage beds rather tham rioorthwesterly

toward the creek,. Preliminary water table elevations fraom the
WTI wells indicated a similar flow dirvection. Thus, the location
for MW 2 was chosen to intersect the flow of groondwater

recharged from the plant seepage beds. Kriowing the lerngth of the
seepage beds, the site for MW & was placed near the approximate
midpoint aof the seepage beds. The plan was to locate MW 3 and MW
4 off to each side of MW & in an effort to delineate the edge of

the grourndwater zone affected by the plant discharges.

Because of the difficulting in drilling MW 1, and bhecause of the
krnown presence of rumercus large boulders in the sediment bereath
the site from the WTI backhoe pits, a modified procedure was
developed in order to enable installation of the momitoring
wells, At the well site a pit was dup with a backhoe to within a



couple feet of the water table (elevation krnowr from  WTI wezl 1
moritoring) . Alormpg ome side of this vertical-walled pit a length
of B-inch diameter steel casing was place in the pit. The pit
was then backfilled with the material prevously excavated.
Little subseauent compaction was expected in the backfilled pit
bercause of the gravelly textuwre of the sediment. Also, it was
mot anticipated that the infiltration rate of the backfilled pit
wauld differ sigmnificanmtly Ffrom the survounding undistwbed
sediment because of the lack of strong stratification of the
sediment arnd because of the hinh irnherent infiltration rate in
sediment comprised of sand and gravel. As a pmrecauntion, however,
approximately &350 1bs of berntonite were spread in a layer oaver
the backfilled pit approximately 2 ft below the ground before
backfilling was completed.

The cable~-tool drill rig was then set up over the 8-imch  rcasing,
a 6&-inch casing set in the haole, and drilling commenced.
Drilling was conducted as at MW 1, with bailer samples examined
and, in some cases, sampled. Coorinip was nat conducted at this or
subsequent momitorirg wells due to the extreme difficulty of
coring through  the pravelly sediment and because of the
kriown hamogeneity of the sediment already encountered in the WTI
pits and MW 1.

The log for MW & is shown in Figure €. As i MW 1, all sediment
encountered to the total depth of 30 ft was predominantly sand
and gravel, rarmging from sandy locam to gravel with a sandy—1lcam
matrix. The completion procedure for MW 2 was similar to MW 1,
with details shown in Figure 7.

Mornitoring Well 3: The site of MW 3 was selected in an effort to
intersect the easterrn edge of the proundwater flowing bernath the
Failey Manufacturinpg discharge lines. Eecause the ground in the
area of MW 3 was higher in elevation tharn the ground rear M & by
appraoximately 8  ft, the water table rnear MW 3 could rnot bhe
reached with the backhoe. Thus, unlike the site of MW & and
subseguently of MW 4, conductivity data was wot available at this
site to indicate whether or mot a well at this site wouwld
intersect the pgroundwater flawing bermeath the plant seepage beds.

Because of the large rnumber of boulders at the site which waould
have made it extremely difficult to advance a casing during
drilling, steps were taken to excavate to just above the water
table using the backhoe, as had beew done at MW 2. Because of
the ~ed—-Ft excavation limit of the backhaoe, however,
approximatley 8 ft of ground was removed from the site of MW 3
with a front—-end loader pricr to digging the backboe pit  and
setting the B8-irnch diameter casing in it. After backfilling the
pit and installing the bentorite |, the drill rig was set up and
the hole drilled dowrn with €-inch casing to a sufficient depth to
install the monitoring string. Well completion procedures were
the same as in MW 2 except that after installing the monitoring
string the armulus between the 8-inch and 6-inch casing was
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spaled with cement and the é-inch casing arnd monitoring  string
were extended about -ft above the oripinal ground surface and
the previously-removed sediment was backfilled to the oripinal
covmt our. Details of the well completion are shown in Figure 9.

The gravel- and sand-sediment encountered at MW 3 was consistent
with what had been found ivn MW 1 and & and iv the all of the WTI
pits except those rear the creek (Figure 9).

Monitoring Well 4: The site for MW 4 was selected on the basis
of  comductivity readings from WTI S and & . The decrease in
conductivity readings betweern WTI 6 and WTI 5 indicated that the
site selected forr MW 4 should be just of f the western edpge of the
water passing bereath the plant seepape beds and thus might mark
the outer boundary of that potentially—-contaminated flow.

This well was constructed in the same marmer as MW &, described
previcusly. Details of conmstruction are illustrated in Figure
11. The sedimernt encountered in the 28—-ft-deep hole were agaiw
consistent with previous observations, ranging from gravel with a
sandy—loam matrix to gravelly sandy loam (Figure 10).

A summary of data from all the WTI wells and monitoring wells is
showrn in Table &.

Development of Monitoring Wells: The purpose of the development
praocedure was to (a) remove water from around the well which had
beern introduced durivg the drilling process and (b)) remave fine
gediment from around the well soreen. Momitoring wells 2, 2, and
4 were developed in a similar marnmer. Because the static iwn
these wells was less than 20 ft (MW 3 was develaoped before the
land was backfilled), a pascline driven screw pump coould be used
to remove water fram the well. All three of these wells could be
pumped at  the maximum rate (for this pump) of 5 gpm withoot
drawing the water level down more tharm a couple feet in the well
bare. Water from the development operation was discharped about
2i-ft  downgradient from the pumped well. This water flowed
across the ground only & few feet before completely infiltrating,
thus providing evidence of the wiusually high infiltration rate
for these sediments.

Dwrirng the pumpivg coperation the 1,%9—inch od suction hose was
periodically surged up and dowrn in the Z-inch momitoring string
i order to draw fine sediment into the well. As indicated in
Apperdi x 11, the wminimum volume of water removed from each of
these three wells was 775 gallons.

Throughout the develocpment process the conductivity and
temperature of the water was monitored in order to know when the
conductivity had stabilized and when the water added during
drilling (conductivity ~320) had beer removed .

Movmitoring weld 1 could rnot be developed using the gas-—driven



sucticorn  pump  because the depth to static was ™47 ft, far
exceeding  the maximum 1ift of ~20 ft. A 1.75-inch diameter
submersible pump was first used to develop this well, but after
about 30 pgallons had been removed, the pump malfunctiorned and

reguired repair. Subsequent development was carried out using a
1.70~ivich diameter pve bailer, which served to surge the well as
water was being removed. Cornductivity of this well stabilized

very quickly but bailing and surping were continued until a tatal
aof 104 gallons had been removed (see Appendix 11 for details).

Geology of the Site: The earth material erncountered in the four
rmovnitoring wells and  in 7 of the 10 WTI  pits was remarkably

consistent. The entire site, except for the area within  about
100 ft of Walrnut Creek, appears to be gravelly loam to sandy loam
oy gravel  with a sandy laam matrix. Althaugh there was some

evidernce of orude stratification ivn the WTI pits, coverall the
sediment appeared unusually homogeneous (i.6e.y not  stratified
into  divterbedded sand layers, gravel layers, etc.) and  poorly
sorted within the ravnpge of the sand and pravel sizes present. The
lack of clearly defirned stratification, the presernce of sand and
gravel mixed together, ard the presence of boulders a foot or
more in diameter within the pgravel suggests that deposition took
place in a fluvial ernviromment with relatively consistent high

eNergy. Passible models are a steep-gradient alluvial fanm  or
valley fill. Examirmation of the present deposits within  the

charrmal  of Walvut Creel shows sediment of roughly the same grain
size in the point bars and charmel hed as was encountered at  the
study site.

The elevation of the bedrock surface heneath the site s not
kriown for suwre  but can be inferred with a fair degree of

confidence., Bedrock is exposed ivn the bed of Walrut Creek (see
Fingure 18) at an elevation of about 818 ft. Baedrock was also

encountered  irn two backhoe pits within about 75 ft of the east
hark of the oreek at depths of 1 to 4 ft (elaevaticem “820 to
8z . I WTTI pits 1 and 2, within ™~ 100 ft of the coreek, a had
clay pgrading downward to a weathered shale was encountered at  a
denth of abmout 5 ft (elevatiem ~ 821°%). Bedrook was not
encountered in any of the backhoe pits located farther from the
creelk noe in MW=, 3y o 4, I MW 1, at a depth of 62.5 ft, a
high concentration of weathered shale fragments were found,
sugnesting that +the bottom of that haole (elevaticn  “BO27) Was
very near bedrock. RAlthough the elevation of the bedrock surface
is not kKrnown for sure at the site of MW 1, it is clear that the
elevation of the bedrock suwrface here is lower than it is in the
crerk  bed by more than 16 ft. Thus, the present location of
Walrnut Creek along the base of the valley wall is rot the lowest
portion of the bedrock floor of the valley.

Hydraulic Gradient and the Configuration of the Water Table: The
elevation of the static level in the WTI wells was measured on
zeven different dates and the elevation of the static in  the
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menitoring wells was determined on five different dates between
Aupgust and December, 1987. These data were collected by using an
electric probe, read to the rearest 0.01 ft. The monmitoring
wells are believed to provide accuwrate measurenents of the water
table (as apposed to piezometric heads) hecause (&) the wells are
screened  thraoughout the lernth that penetrates the water column
and (b)) the static readings from MW 2, 3 and 4 are consistent
with readirgs from WTI wells in the same area.

The water—table elevatiorn data are summarized in Table 2. Not e
that WTI 1 and &, which were installed in a dense clay prading
daowrward into weathered shale, were very slow to respond.

Although  installed on July &5, 1967, no water was detected  in
these two wells until B/&6/787 (WTI &) and 9/28/787 (WTI 1). After
water was detected in these wells, the readings often appeared
arncomalous  relative to readings from the other WTI wells located
in more permeable material. Thus, readinps from these two WTIT
wezlls were of little value in efforts to map the surface of the
water table.

Static levels in the production well were very difficult to

obhtain due to centralizers that were present arcound the
electrical wire and delivery pipe corrmected to the submersible
puUmp. Persistent efforts did result in one reading on 10/31/87

{while the well was pumping) but it is rnot known 1if this is  a
valid reading or if the probe wire might have been hung up an one
of the centralizers, giving a false low reading.

Ovi a given date, the water table elevaticrn ranged from a high at
WTT 4 to a low at MW 3, the difference ranging from 3.21 ft  on
12/33/87 to 3,43 on B/88/87. The range in the elevation of the
water table betweern the low—water—table level in late summer to
the hbhigher water-table-level in late December was roughly 2
fFt at a pivern location.

Maps of the water table for 8/6/87, 8B/25/87, /EB/87, 10/31/87,
and 12/28/87 are shown in Figuwes 13 throuph 17. The hydraulic
gradient as calculated from these maps ranges from a high  of
0.0139 an B/6/87 (low water table) to a low of 0,011% on 12/22/87
(high water table). Thus, there was less than & 20% charpge in
the water table slope despite a rise in the water table of abaut
2 ft betweern August B8 and December 22, 1387.

t.ires depicting the lateral flew of proundwater were drawn  at
right arples to the equipotential lives onm Figures 13 through 17.
The flow directicon at the site immediately rcothwest of the plant
seepage beds is definitely to the rnortheast. Extrapolation of
these lirnes into the area bherneath the seepage beds indicates a
ricrtheasterly flaw of grourdwater there also. This appears
consistent with conductivity data from the WTI wells and MW 2, 3,
and 4 which are shown inm Tabhle 3.

Estimated Hydrauliec Conductivity: Estimates of the hydranlic
conductivity of the sand arnd gravel aguifer at the site were
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chtained by three different means —— slup tests, comparisoms to
published values, and fallirng-head permeameter tests.

Slug tests were rum om WTT 5 and 8 on B8/826/787 by removing  water
from  the wells with a bailer and timing the recovery rate. The
shallow depth of water irn the wells and the rapid recovery rate
may have decreased the accuracy =of the results. The averape of
twir  tests o WTI 8 was 2.9 x 10-3 cm/sec. Ore test on WTI 3
resulted in  an estimated hydraulic conductivity of 4 % 10-Z

cm/sec.

Hydraulic conductivity wvalues published by Freeze and Cherry
(1973) appear to conowr with these values, with a range of 103
to 10-1  em/sec listed fooro clean sand. N value is  listed in
Freezre and Cherry forr a mixtwre of sand and gravel such as is
present at this site.

Falling—head permeameter tests were run orn  distuwrbed samples
callected from WTI pits € and 8. Noo attempt was made to covrect
For the charnge in compaction of the lab sample compared to  the
undisturbed sediment in the field. The values abtairned from
three trials averaged 5 x 10-3 cm/sec for WTI 6 and 3 x 103 for
WTI 8 (rnote that the slug—test value from WTI 8 was also ~3 X
10-3) .

Estimated Seepapge Velocity: Estimates of the seepane velority
were made using the following data. Hydraulic gradient values
were obtained from Figuwres 13 throuwoh 17, dizcussed earlier.
These values ranged from a low of 0.0119 on 12/22/87 to a high of
0.0133 on B8/6/87. Based on the data discussed above, hydranlic
conductivity  wvalues ranping fraom 10-2 to 10-3 cm/sec were used.
The effective porosity was estimated from lab tests on sediment
callected from soil pit #8 to be 0,15, The formula used was

seepage velocity = hydraulic conductivity x hydraulic gradient
effective porosity

Using the minimum estimated values for hydraulic conductivity and
hydraulic gradient, a seepage velocity aof 0.5 ft/day was
obtained.

Usirng the maximum values for hydraulic conductivity amd hydraulice

gradient, a seepage velocity of 10.8 ft/day was acbtained.

Estimated Groundwater Flux: Estimates of the amaourt o f
groundwater flowing daily beneath the plant seepage bheds was made
using the following data.

~Maximum  and minimum estimated hydraulic gradient and hydraulic
conductivity

~Ar estimated length of the seepage beds of 100 fi
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~Ayy estimated thickrness of satuwated aguifer beneath the seepage
beds of 15 ft {(see Fipure 1&).

Based o these estimated values, the range of estimated
groundwater flow bereath seepage beds 100 ft long is 840 to
18,000 gallons per day. The estimated groundwater flow berneath
each foot of seepape bed is roughly 8 to 180 gallons per day.

Relationship of Walrnut Creek to Groundwater Heneath the Bite: As
discussed earlier, it is ot wmusual for oreeks in this  area
which are flowing from uplands with relatively low hydraclic

conductivity ontao lower areas of high hydraulic conductivity to
be "gaining" streams in the upland area and "losing" streams  in
the downstream area. Such appears to be the case with Walrnut
Creek, at least duwring some portions of the year. Obhservations

made during Aupust, 1987 support the conclusion that at that time
Walrnut Creek was a losing stream in the reach which borders  the
study area. Evidence consisted of (1) the creek elevation was
noat  lower than the the adjacent water table elevation , which is
a necessary precondition for groundwater to flow into a  stream,
(2) amn obgervation of water flowing into a small hole in alluvium
i the stream bed alorng the edge of the charnnel, (3) bholes a few
inches deep dug into bar deposits alonmng  the edge of the charmel
had lower water elevations tham the surface of the stream, and
(4) groundwater flow maps (Figures 12 thvaough  17) from  five
different dates between August 6 and December 2&, 1387, all of
which show that pgroundwater flow on the study site was not toward
the stream charmel. Thus, under the conditioms which the site
and stream were studied, oroundwater from bereath the site, and
especially from berneath the plant seepage beds, was rnt flowing
ivboe Walvmt Creek where it borders the site. It is possible that
some of the groundwater that flows beneath the site may seep into
Walrut Creek at some point downstream.

GEOPHYSICAL INVESTIGATION

After the WTI wells had been installed and the lithology and
depth to the water table berneath the site had beer determined, it

was decided that a resistivity swvey might vyield useful
callaborative informatiorn. A Boiltest R 40-C Btrata Scout was
used to conduct two surveys on 7/30 and 8/4/87. All resistivity

readivigs were multiplied by & x pi x electrode spacing (ft) to
canvert them into apparent resistivity values irn ohm—ft.

A horizontal traverse (electrical profile) was run using a Wermer
electrode arrangement and a spacing of 30 ft. This spacing was
used because it was krnown that the water table depth was about 18
ft over much of the area around the plant seepaoe heds.
Readings were taken at 10 stations (1 throuwgh 5 and A through E)
as shown on Figure 18. The apparent resistivity values are shown
o Table S, Note  that the lowest values were obtained at
stations O and D, located wnear the plant seepage beds.



Resistivity values increased rapidly in the upgradient dirvection
(staticns B and ) and more  praduaally  in the downgradient
direction (stations 4, S5, and E). Readivins of approximately 1000

cahm—Fft  cobtaimed at statioms 1 and 2 appear to represent
backgrournd readings and are in line with what would be expected
in a poorly sorted sand and  pravel. The lower apoarent

resistivity values in the area of the plant seepage beds and
cdowrngradient from  them is what would be expected if the water
there contaivs somewhat more dissolved solids tham the backpround
water. Higher conductivity water is indeed being discharged into
the seepapge beds as evidernced by downgradient conductivity values
and laboratory determinations of effluent conductivity descoribed
earlier in this report. Note that the laowest apparent resistivity
value at  station © is approxiwately half  the backpground
conductivity values at stations 1 and 2.

Depth probes were also vrun at stations A, By, C, D, arnd E as shown
oy Figure 193, Electrode spacinngs of 10, 158, @0, 25, and 30 ft
were used at mogst stations. The resulting apparent resistivity
values are shawn ivn tablular foorm onm Table § and praphically on
Figure 19. The urusually hingh resistivity value at the 10~ and
15-ft electrade spacinps at statiorn B were probably caused by an
unusually storney so0il at the location of the outer electrode. af
particular interest in  the depth probe is the comparison of
resistivity values at electrode spacings of 25 and 30 ft compared

to resistivity values at lesser denths. i marked decrease in
resistivity wvalues at this depth might be caused by Jlow-
resistivity (high conductivity) water at this depth.
Complicating the irnterpretation, however, is the fact that at
this depth the water table is expected to bhe intercepted, so some
decreasse in resistivity would be expected everr under backoround
water—-guality conditions. Stations C and D, which were clasest

ton the plant seepanpe beds, whowed the most marked decrease 1in
resistivity valuss at the 2% and 30-ft depths, as  wonld  be
expected. The resistivity values at station D, however, which
was very near the production seepage bed, start to decrease at an
electrode  spacirnp of only 135 ft, sugpesting that (1) the water
table is higher here than expected, oar (2) higher—-conductivity
water under unsaturated conditions has caused a decrease  in
resistivity, o (3) there is arn unexpected charnge in lithology
herve which results in lower resistivity. The depth-probe data
cav be compared graphically in Figure 20.

ASSESSMENT OF GROUNDWATER QUALITY

Monitoring Points: Because there were no suspicious soils
or seeps abserved in the walkover, and because groundwatey from
the study site was rot flowing into Walrnut Creek alonp the border
of the property, no samples were needed from the scils or creek.

Samples for chemical analysis were oollected from the four
moritoring wells and, on oone oceasion, a water sample from the
Forestville municipal water sunply was caollected from a tap in



the plant.

Sampling Procedures and Results: Puwrginpg of each monitoring well
was conducted just prior to samplivng each well. A total of 4 to
7 bore volumes were puwrged from each well prior to samnling.
Condurtivity and temperature were monitored during oarging prior
ta the B/26/87 sampling (Table 6). The pH was also monitored
during purging for  the 10/31/787 and 12/82/87 sampling events
(Tables 7 awnd 8).

Precautions Ffor decontamination of equioment during each of  the
sampling events are summarized in Table 9. Lab reports for all
the aﬂalyﬁical data are included ivn Apoerndix IT1. The WV0OA
samples were amalyzed by Ecaolagy and Envivanment, Inc. (Buffalao).
They analyzed field blanks, method blanks, and lab spikes in

additicrn to the samples from the monitoring wells. Analyses for
metals, cyanide, pH, arnd lab conductivity of samples fram the
movriitaring wells were conducted by Microbac lLabs (Erie). They

also analyzed field blanks, dunlicates, and lab spikes.

August 26, 1987 Sampling and General Results: Purging and
sampling procedures for 8/26/87 are shown in Tahle 6. Despite
the extensive pumping and surging during development of MW 2, I,
and 4, the bailer used to s=ample these wells on 8/26/87 resulted
ir suspended sediment in the sampnles. In order to determine  4f
metals in the suspernded sediment wonld be  leached into the
aguecus sample after acidification of the metals sample, baoth an
urnfiltered and filtered sample were collected from each of these
three wells.

A pve bailer was used to collect samples for metals and cyanide.
A hettom-outlet teflorn bailer was wsed to eollect the VA
samples. The bottom—outlet device on this bailer eliminated
aeration of the sample duwring transfer into the VOR  vial. A1l
samples were refrigerated after collection and during  transport
to the lab.

The results of all analyses are shown in Table 10, Note that foor
B/26/87 the rnickel, chromium, copper, and lead concentrations are
generally higher in the unfiltered (turbid) metals samples from
MW =2, 3, and 4 than in the filtered samples. This ivdicates that
metals were being leached into the agueous sample  Ffrom  the
susperded sediment. Recause the DEC prefers that samples not he
filtered, a plan was devised to wmodify the puwrping/sampling
procedure in oorder to decrease the amount of suspended sediment
in  the samples and make the aralyses more representative of the
the groundwater quality. The plar, approved hy Mr, Jack
Mrajewski of the DEC, was to use a stainless steel and teflon
bladder pump to both purge and sample the wells. Because the
bl adder punp  is inserted ivnto the well once and remains
statiornary duaring pumping, the surping caused by the bailer is
2liminated, thus resulting in clearer samples for analysis.
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October 31, 1987 Samplirng and General Results: To test the
modi fied pweging/sampling procedure using the stainless steesl and
teflon bladder pump, arnn  extra round of sampling for metals was

conducted on 10/31/787. Details of the pwrging and  sampling
procedure are cummarized in Table 7. By using the bladder pumnp
instead of the bailer method for sampling, all samples were

visibly clear of gediment by the end of the puwging procedure
and during sampling.

Resulte of metals arnalyses shown on Table 10 show  that the
decreased turbidity in the samples due to the improved sampling
procedure resulted im filter2d and wnfiltered samples havinng
approximately the same values for most of the metals. Some
cadmiam, wnickel, copper, and zinc values were actually hipher for
filtered samples, however, than for unfiltered samples,
sugpesting that small conmcentrations of these metals were being
picked up from the filtering apparatus despite precadtions o
avoid cormtaminat ion. This extra round of sampling confivmed that
the modified poarging/samplivg procedure using the bladder  puamp
pravided water samples which were essentially sediment free and
thus which erabled more accurate chemical characterization of the
groundwater, It also indicated that by eliminating the extra
steps in filtering the chances of intraducing contaminants  into
the samples were decreased.

December 22, 1387 Sampling and Gerneral Results: Purping and
sampling  foorr the December 22 samples was conducted wsing  the

stainless steel and teflonm bladder pump. A summary of the
procedures is showrn in Table 8. Water from all of the wells was
clear by the time sampling took place except MW 4, where a siight
amcaurt of turbidity was noticed. Thus, the analysis of the

unfiltered sample from this well may show an over-representation
of some metals.

Summary of Chemical Analyses: I addition to the tabulation of
chemical data in Table 10, bar praphs of each of the amalytes are
showrn 1w Fipgures 20a throunh 25, Fipure Z0A shows how the data

in the graphs are presented,. For each analyte, data for both the
filtered arnd unfiltered samples collected on B8/26/87 are shawn in

crder to provide a visual comparison between clear sampies and
those containivg suspended sediment. Note that we filtered
sample was collected at MW 1 on 8/26/87 because the samnle was
rat turbid. Thus the same data for MW 1 are shown for both

"filtered" and "unfiltered" bar oraphs for 8/26/87.

All the remaining data showrn in the bar graphs (i.e., for 10/31
and 12/23/787) are for unfiltered samples except for MW 1 on
10/31/87. Na  unfiltered sample was obtairned from this well o
that date due to a procedural error during sampling. Ovicee  the
procedure for purging and sampling was immroved after the initial
round . of sampling so that suspended sediment in the samples was
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minimized, it was apparent that some comtaminaticon of samples was
acoeuring duing the field filtration process. Thus, the data
mresented in the bar pgraphs for the last two sampling events are
fFor unfiltered samples (excent o MW 1 on 10/31/87  as noted
above) .

The date of the December, 1287, arnalyses is shaown as 12/23/87 an
Table 10 and Figuwres 20a thyrouph 259, Althouogh samplinng actnally
took  place on 12/322, the samples were logged ivn at the lab  on
12/23/87.

Conductivity
Conductivity as determined ivn the lab was consistently highest in

MW &, less in MW 3, ard lowest in MW 1 and MW 4 (Figure Z0a-B).
It appears that the conductivity irn MW 1 and MW 4 renresent
backpground conductivity levels. These lab results are in accord

with conductivity data collected in the field and reoorted in
Table 3.

Valatile Organics

N volatile organics were detected in the 8/86/87 samples at
concentrations above the measureable detection limits of § o 10
micraograms/liter {(depending on  the compound) excepnt in MW 3,
where 60 micrograms/liter of trichloroetherne was detected in both
the sample and the duplicate sample (Table 10 and Figuwre &0a-C.
(Nixtez  trichloroetherne is alsa known as trichloroetbylene arnd is
abbreviated TCE)

The VOA arnalyses for 18/828/87 showed vno compounds  above  tThe
detection limits of 5 o 10 micragrams/liter (depending om the
compound) except for 11 micvograms/liter trichloroethene (TCE) in
MW 2 and 75 micragrams/liter TCE in MW 3 and 65 micrograms/liter
TCE  in & dupnlicabte sample from MW 3. The NY State e i mum
Comtaminant Level (MCL) for TCE is 10 microprams/liter.

Cyanide

Cyanide concentrations range fraom a high of ~0.08 wg/l in MW 2,
follawed by ™~0.06 mp/l in MW 4 on B8/26/87  (Tiguwre  21Q)., The
remairing values do not exceed O.08mn/l. The depree to  which
these twa hipher values characterize the proundwater from these
wells is somewhat guesticonable berause values of other analytes
are oconsistently  lower in MW 4 samples tham in MW 3 samples,
though this is not the case for the cyarnide values. The NY State
MCL. for cyanide is Q0.8 mg/l.

Art imaony
Antimony  concentrations were less than the detection limits for
all the samples shown on Figure 1R, The detection limit was
(0,035 wmn/1 (12/23/87).

Arsenic
As  shown  in Figure 210, Arsenic concevtraticons are no greater
than 0.005 mg/l. The NY State MCL for Arsenmic is 0.025 mp/l.
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Beryllium
All RBeryllium concentraticons were below the detection limit of
0,001 mpg/l (Figure 2Z2A).

Cadmium
Nerne of  the Cadmium concentrations shown  dn Figure E22B are
areater than 0.003 wmn/l except the filtered sample from MW 1 on

10/31/87. The arnomalously hiph Cadmivm concentration in  this
sample appears to be due to contamination during filtering. The

NY State MCL for Cadmium is Q.01 mn/l.

Chramium
The highest Chromium values are from anfiltered (turbid) mamples
callected 8/2&/87, with 0.1 mg/1l in MW 3 being the maximuam. All
subsequent samples shown o Finuwre 220 are (OJ02 mp/l, sungoesting
that Chromium was leached from the suspended sediment by the acid
irn the turbid, unfiltered &/26/87 samples. The NY State MCL for
hexavalent Chromium is 0,03 mp/l.

Capper
All econcentrations of Copper are well below the NY State MCL of
1.0 mg/l. The hiphest wvalue of ~0.035 mg/l is from MW 1 on

10/31/787, which again appears to reflect contamination during
field filtering of that particular sample (Figure 23A).

Lead

A1l lead values shown in Figure 238 are below the NY State ML of
0.025% mg/l for samples caollected 8/26/787. The 10/31/87 samples
are also below the MOL excepnt for the wnfiltered sample from MW 3
(see  Table 10). The reported lead value for this unfiltered
sample (0.035 mp/l) sliohtly exceeds the MCL, but a duplicate of
this sample has a reported lead comtent which is less than half
that value and well below the MCIL.

The lead values reported forr unfiltered samples oollected on
12782787 from MW 1, MiN 3, and MW 4 are all below the G, The
anly value to exceed the MCL of 00025 mp/l on 12/832/87  is  the
unfiltered sample from MW 2, which was reported to be O.066 mn/l.

Previocus lead values from this well were less than 1&6% of  the
la/82/87 value. Thus, there is some question as to whether this

sample accurately represents the lead content of the water fram
MW & at the time of sampling.

Mercury
All Mercury corncentrations were less tharm 0. 0006 mn/l, which is
considerably below the NY State MCL of 0,002 mg/l. The hipghest

values were found in MW 1 (backpgrownd) on 10/31/87 and 1&/823/87
(Figure 230C).

Nickel
All Nickel corncentrations showrn in Figure 24R are less than 0009
mp/l. The 1&/23/87 wnfiltered samples were below the detection
level (€0, 0035 mp/1) Ffor all four wells, Again, the arncmalous
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value for MW 1 on 10/31/87 appears to be due to corntamination
diring Filtration.

Selenium
All Selernium values (Figure £4R) were below the detectionm  limit
of 0.005 mn/l  The NY State MCL for Selernium is O.02 ma/l.

Silver
The highest silver value detected was 0.01l1 mog/1 in MW 2 on
12/7a82/87 (Figure Z40). This i1s considerably less than the NY

State MCL of 0.05 mn/l.

Thallium

Thallium values were all less tharn 0.01 mp/l (Figure Z56M). Sme
Thallium in the pgroundwater berneath this site may bave come from
the foundry operation located upgradient of the site, A

indicated an the map of surrcunding land uwse (Fipure 3).

Zinc
A1l Zive concentrations shown in Figure 25B are less  than 0.8
mp/l except the 10/31/87 wsample from MW 1, Although probably doe
priamarily to comtamination  during filtration, ever this
corncentration  is far below the NY State MIL of 5 mpg/l.

Summary and Assessment of Groundwater Guality Data

Conductivity values of water from MW & and 3, downgradient From
the plant seepape beds, are & to 3 times pgreater than ir MW 1
and MW 4, which appear to represent bhackground  conductivity
levels. The hipghest conductivity, ™1500 micromhos/cm, is from

M 2.

Nove of the metals tested exceeded the NY State MUls 1in any of
the monitoring wells except some lead values and one sample each

for chromiuwm and cadmium. The 10/31/87 chromium sample from MA 1
(uppradient) had an anomalously high cadmium concentration  which
appears to be attibutable to contamination during the filtration
Process, Some chramium appears to have been leached  from  the
sediment ivn a turbid, unfiltered B/26/87 sample from MW 3. A1l

the lead values from B/ZE8/87 samples were helow the MCL as  were
the 10/31 /787 =samples except for an unfiltered sample fyam MW 3.
1 duplicate of this sample was well below the MCL, however., The
only lead value exceeding the MOL on 12/82/87 was from MW 2. The
value of 0,066 mn/l reported for that date was more than 6 times
the previous lead concentrations from that well which casts some
daubt on the validity of that reported high value.

The only valatile organic found above detection limits was TCE,
On 8/286/87 and 12/88/787 the TCE conecentration in MW 3 was 60O and

75 wmicrograms/liter, respectively. These values were confirmed
by duplicates. Rlso, 11 microprams/liter of TCE was detected in

MW & on 12/22/787.




TCE is a Dense Narn-Agueous Phase Liguid (DMARL) which i1s  highily
valatile. Its specific pravaity is l.46. If a sufficient amount is
discharged onto the ground in its pwre form it tends to travel
dowrward  through  the aouifer until a low-permeability Zone ig
reached (e.g.. shale), forming a poal on top of the aguitard. It
will dissclve very slowly in groundwater (maximum  solubility
about 1100 mpg/l # 2% degrees C).  Although TCE can be brakern down
into ather compounds such as vinyl chloride by
bictransformational processes in anercbic  groundwater, it is
stable in aeraobic water (Rouwer, et al., 1981). Due to the bigh
hydraulic conductivity and shallow flow system at the study site,
it is nquite likely that the proundwater there does contain  some
dissolved oxygern (i.e., is aercbic).

If a pool of pure TCE were present on the study site uoporadient
from MW 3, the concentratiorn of the TCE in this well would be

much hipher tharn it is, most likely more tham several mg/l. This
interpretaticon is  based on information provided by D, Joh
Cherry (Mrofessor and  Dirvector, Ingstitute for Grouncwat er
Research, Urniiv. af Waterlow), in a National Water Well

Association Distinguished Seminar presentation in Toromto in May,
1387. Thug, if the souwrce of TCE is within the study site rather
thar uppradient of the study site, the TCE would most likely wot
be mprezent as a pool of pure TCE but rather as (a) TCE in
solution  in  water discharged to the ground or (h) as a small
residual of TCE present as droplets between sediment prains
either above or below the water table. Irn this residual form the
TCOE could be dissolved and could appear iv a lower concentration
tharn in the case of a pool of pure TCE.

I have attempted to estimate bow lownpg it would take cne gallonm of
TCE to dissolve (arnidd thus be removed) 1f it were opresent as
residual particles below the water table in the pground below  the
plant seepage beds. Based on a Krnown approximate concentration
of TCOE of 735 micrograms/liter in water from MW 3, I estimated the
concentration of  the site where the residual TCE  might 4l5]
digsalved into the passing oroundwater to be roughly 200
microagrams/liter, or 4 times the corncentration detected at MW 3.
Using the estimated values for the volume of groundwater flowing
in the aquifer bereath the seepane beds and assuming  that  the
residual TCE occourred over a coross-secticmal area of the aguifer
of 30 sguare ft (8 ft wide x 15 ft saturated depth of aguifer), 1
estimate that it would take bhetween 200 and 3000 years to remove

1 pgallon of residual TCE. Although these estimates are very
rizghy, they do serve to make the following pointe: (1) a very
small amount of TCE could contaminate a very large volume of

water at a concentration of 75 microorams per liter and () a
amall amount of TCE discharpged ormta the grournd more than a decade
apgo eoould still be contamivating the water today and could
cantinue to contaminate it for decades to come.

Arother means by which the TCE could enter the groundwater is as

a dilute solution in water discharged cmto or into the poround
(e.n.,throunh seepape beds). Al description of the operation of
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Bailey Manufacturirng since 1972 provides no indicatiorn that TCE
or materials containming TOE are used in the plant o discharged

into the seepane beds. TCE is commonly used, however, iv many
households. According ta  the UL B. £pA, TCE  dis  the most
frequently detected orpganic contamivant in pgroundwater (Ul 8.
EpA, 1280). TCE is commonly oresent in solvents used Tor pavts
cleaning and drycleaninp. It is wftern contained in  househald
spot removers, water repellents forr footwear, and  in  septic
system "conditicners". It bas been reported that the use of
synthetic ovganic chemical depreasers such as TCE  in septic

systems has resulted irn incidents of contaminatiorn of proundwater
by TCE (U. s. EpA, 1280) (Canter et al., 1385). Thus, it would
ot be unusual for small amounts of TOE to be discharged  into
household septic—-systen seenage beds such as are present south of
the study site upgradient of MW 3.
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